The objective of this study was to evaluate the effects of the forage-to-concentrate ratio (F:C) of diets fed before and during short-term feed restriction (FR) on rumen fermentation, absorptive capacity of the reticulorumen, and apparent total tract digestibility. Twenty ovariectomized and ruminally cannulated Angus × Hereford heifers were blocked by BW and individually penned in box stalls (9 m 2 ), having free access to water throughout the study. Heifers were randomly assigned to 1 of 2 dietary treatments, receiving either a high forage diet (HF; F:C of 92:8) or a moderate forage diet (MF; F:C of 60:40). Diets were fed ad libitum for 14 d before 5 d of baseline measurements (BASE) followed by 5 d of FR where heifers were restricted to 25% of ad libitum DMI relative to BASE. Dry matter intake was measured daily and ruminal pH was recorded every 2 min throughout the study. Ruminal fluid and blood samples were collected on d 3 of BASE and FR whereas short-chain fatty acid (SCFA) absorption was assessed in vivo using the isolated washed reticulorumen technique on d 5 of BASE and FR. Indigestible NDF was used as a marker to estimate apparent total tract digestibility. Diet × period interactions (P = 0.030 and 0.025) were detected for DMI and ruminal SCFA concentration, respectively. The interaction was the result of greater DMI and numerically greater SCFA concentration for MF than HF during BASE, with a reduction observed for both during FR, although treatment effects were no longer present. Period effects (BASE vs. FR) but not treatment effects (P > 0.05) were detected for mean ruminal pH (P < 0.001) and the total SCFA absorption rate (mmol/h; P = 0.038). During BASE, mean pH was reduced (6.4 vs. 6.9) and the SCFA absorption rate was greater relative to FR (674.5 vs. 554.8 mmol/h). Diet (P < 0.001) and period (P < 0.001) effects were detected for DM and OM digestibility with greater digestibility occurring for heifers fed MF than HF (70.5 vs. 63.3% for DM and 73.0 vs. 66% for OM) and greater digestibility during FR than BASE (69.5 vs. 64.3% for DM and 71.7 vs. 67.2% for OM). During FR, NDF digestibility was also greater than during BASE (P < 0.001; 62.4 vs. 55.8%). The effect of FR on serum NEFA differed by diet (diet × period, P < 0.001) with NEFA being greater for heifers fed HF than MF during FR (474.4 vs. 377.7 μEq/mL, respectively) with no differences observed between HF and MF during BASE. It can be concluded that severe short-term FR had a negative impact on ruminal SCFA absorption and energy balance and that altering the F:C of the diet does not mitigate these effects.
INTRODUCTION
Beef and dairy cattle experience periods of shortterm feed restriction (FR) associated with conventional management practices (e.g., weaning and transportation; Gibb et al., 2000) , changes in the physiological state (e.g., parturition; Hayirli et al., 2002) , and as a result of adverse environmental conditions (heat stress; St-Pierre et al., 2003) . Exposure to these stressors, in isolation or combination, has been shown to alter metabolism (Rhoads et al., 2009 ) and consequently compromise animal performance (St-Pierre et al., 2003) .
The severity of FR depends on the amount of feed available (Gäbel et al., 1991 (Gäbel et al., , 1993 , the duration of the restriction, and nutrient density of the diet (Harmon et al., 1991; Wertz-Lutz et al., 2008) . Feed restriction ranging from 2 to 7 d can induce a negative energy and protein balance and alter hepatic gluconeogenesis and adipose tissue mobilization (Velez and Donkin, 2005; Carlson et al., 2006) . Complete feed deprivation for 48 h reduces both the absorptive capacity (Gäbel et al., 1993) and barrier function (Gäbel and Aschenbach, 2002) of the ruminal epithelium. Moreover, 5 d of FR at 25% of ad libitum DMI compromises the absorptive function of the reticulorumen and total tract barrier function (Zhang et al., 2013) . Together this implies that the nutrient deficit imposed by FR could be exacerbated by decreased nutrient absorption; however, it is not clear whether dietary approaches to increase nutrient delivery may help to alleviate this response.
We hypothesized that FR would induce a negative effect on ruminal fermentation and short-chain fatty acid (SCFA) absorption with the response being mitigated by increasing the concentrate inclusion rate. The objective of this study was to evaluate whether the dietary forageto-concentrate ratio (F:C) affects ruminal fermentation and absorption of SCFA from the reticulorumen in response to short-term FR.
MATERIALS AND METHODS
Heifers were housed at the University of Saskatchewan Livestock Research Building in individual box stalls (9 m 2 ) and were cared for in accordance to the guidelines of the Canadian Council on Animal Care (2009). All experimental procedures were pre-approved by the University of Saskatchewan Animal Research Ethics Board (protocol 20100021).
Experimental Design and Feeding Management
Twenty ovariectomized and ruminally cannulated Angus × Hereford heifers were used in this study (May to September 2011) . To facilitate a staggered sampling schedule, heifers were randomly blocked by BW into 1 of 3 blocks with 8, 4, and 8 heifers in block 1, 2, and 3, respectively. The mean ± SD for BW was 463 ± 33, 482 ± 53, and 485 ± 30 kg for blocks 1, 2, and 3, respectively, with block 1, 2, and 3 starting the study on May 2nd, June 23rd, and August 7th of 2011. Within block, heifers were randomly assigned to either a high forage (HF) or moderate forage (MF) diet (Table 1) that was fed before and during FR. The HF and MF diets had a F:C of 92:8 and 60:40, respectively.
The experiment consisted of a 14-d adaptation period to allow heifers to adapt to the housing and diet. Subsequently, heifers were exposed to 5 d for baseline (BASE) measurements and 5 d of FR. During adaptation and BASE, heifers were fed ad libitum (105-110% of voluntary intake) at 0800 h with refusals being collected and weighed before feeding. During FR, heifers were restricted to 25% of ad libitum intake determined during BASE. This magnitude of restriction supplied of 29% of NEm and 26% of metabolizable protein supply relative to the requirement for heifers fed HF and 36% of NEm and 28% of metabolizable protein for heifers fed MF. Heifers had free access to water throughout the study.
Data and Sample Collection
Feed Ingredient Sampling and Dry Matter Intake. The amount of feed offered and refused was recorded daily for determination of DMI. Feed ingredients were sampled once a week for barley grain and the mineralvitamin pellet and twice weekly for barley silage and grass hay. Dietary DM was adjusted on a weekly basis according to changes in feed ingredient DM and water was added to the MF diet to equalize the DM content of the 2 diets. Refusal samples were collected daily and a Penner et al. (2006) . Ruminal pH systems were standardized at the beginning and end of each measurement period using pH 4 and 7 buffers solutions (Fisher Chemical, Fair Lawn, NJ). Millivolt readings from the initial and final standardizations, within a period, were recorded and the drift between them was assumed to be linear. Millivolt data collected during incubation in the rumen were then converted to pH while accounting for drift. Subsequently, the minimum, mean, and maximum pH values were determined for each cow by day and the mean across periods was used for statistical analysis. Furthermore, the pH threshold of 5.5 was used to indicate the severity of ruminal pH depression. Accordingly, the duration (min/d) below pH 5.5 was calculated. Data from d 5 of the BASE and FR were removed as the experimental procedures conducted on those days required ruminal contents to be removed for an extended period of time and thus biased the ruminal pH measurements.
Blood, Ruminal Digesta, and Fecal Samples. Blood, rumen digesta, and fecal samples were collected every 4 h over a period of 24 h starting at 0800 h on d 3 of BASE and FR. Blood samples were collected via a jugular catheter into one tube containing sodium heparin (143 IU sodium heparin; Becton Dickinson, Franklin Lakes, NJ) and a second tube with clot activator and silicone-coated interior (Becton Dickinson, Franklin Lakes, NJ). The tube containing sodium heparin was immediately placed on ice and centrifuged at 1,800 × g at 4°C for 15 min after which the plasma was harvested and stored at -20°C. Tubes used for serum were allowed to clot at room temperature for 4 h before being centrifuged and stored, as described for plasma. Equal volumes of plasma and serum collected at each time point, within period, were used to prepare a composite sample for each cow. Plasma samples were analyzed for glucose and insulin concentrations. Glucose was determined using an oxidative reaction in a solution containing glucose oxidase/peroxidase (number P7119; Sigma Aldrich) and o-dianisidine (number F5803; Sigma Aldrich, Oakville, ON, Canada) as a colorimetric substrate. Absorbance was determined using a plate reader (Spectramax Plus 384; Molecular Devices Corp., Sunnyvale, CA) at a wavelength of 450 nm. Insulin was measured using a commercially available ELISA kit (number 10-1201-01; Mercodia AB, Uppsala, Sweden). The β-hydroxybutryric acid (BHBA) concentration in serum was measured using the enzymatic oxidation of BHBA to acetoacetate via 3-hydroxybutyrate dehydrogenase (number H6501; Roche, Mississauga, Ontario, Canada) and the color change (measured at 350 nm) induced by the equimolar reduction of NAD (number N7004; Sigma Aldrich, Oakville, ON, Canada). A commercial kit was used to determine serum NEFA concentration (HR Series NEFA-HR2; Wako Chemical, Atlanta, GA).
For ruminal digesta collection, 250-mL samples of mixed digesta were collected from 3 locations in the rumen (cranial central, central, and caudal central) and combined before straining through 2 layers of cheesecloth. Subsequently, 10 mL of ruminal fluid was transferred to a tube containing 2 mL of metaphosphoric acid (wt/vol) and stored at -20°C. As with plasma and serum, samples of ruminal fluid from each collection time were composited by sampling period and used for analysis of SCFA using gas chromatography. Samples were centrifuged at 3,655 × g at 4°C for 15 min twice using a Beckman Coulter Avanti J-E centrifuge (Indianapolis, IN). At the end of each centrifugation cycle, the supernatant was transferred for use. The final supernatant was transferred to a gas chromatography vial and iso-valeric acid was added as an internal standard. Samples were run in duplicate for SCFA determination using an Agilent 6890 Series Gas Chromatography System with flame ionization detector (Wilmington, DE) and an Agilent 7683 Series Injector. Separation was achieved using a Zebron ZB-FFAP High Performance GC Capillary Colum (30 m by 320 μm by 0.25 μm; Phenomenex, Torrance, CA) with an injection split ratio of 17.1:1. Initial and final oven temperatures were 90 and 170°C, respectively, with an increase rate of 10°C/min followed by a final 2 min hold.
Fecal spot samples were taken from the rectum at the same time as blood and ruminal digesta sampling. Fecal samples from each time point were composited on an equal weight basis and stored at -20°C. The fecal composites were dried in a forced air oven at 55°C until achieving a constant weight and ground to pass through a 1-mm screen. Fecal samples were analyzed for DM, ash, and NDF as previously described for feed and refusal samples.
Short-Chain Fatty Acid Absorption. The temporarily isolated and washed reticulorumen (WRR) technique described by Care et al. (1984) was performed on all heifers on d 5 of BASE and FR. Within block 1 and 3, 2 heifers from each dietary treatment were assigned to the WRR at 0900 h, performing the WRR to the other 2 heifers at 1300 h. For block 2, all heifers were exposed to the WRR at 1300 h. Briefly, with the heifer restrained; the reticulorumen contents were completely evacuated and stored in a covered container. Once emptied, the reticulorumen was washed 3 times with warm tap water (5 L/wash at 38°C) followed by 4 consecutive washes with 5 L of a washing buffer solution preheated to 38°C and adjusted to pH 6.2. The washing buffer contained NaCl (105 mM), sodium acetate (10 mM), sodium propionate (20 mM), and NaHCO 3 (25 mM). After each wash, the liquid was removed with a wet-dry vacuum. Once the reticulorumen was free of digesta particulate, the esophagus was occluded using a custom-built occluding device (University of Leipzig, Leipzig, Germany). The esophageal occluding device was constructed with an inflatable cuff to prevent saliva passage into the reticulorumen while allowing for aspiration of saliva using a vacuum pump (UN86KT.45P; KNF Neuberger, Inc., Trenton, NJ). The omasal orifice was occluded using a Foley catheter (Bardex Foley 75 cc balloon; C. R. Bard Inc., Covington, GA). Use of the occluding devices temporarily isolated the reticulorumen from the remainder of the gastrointestinal tract such that movement of solvent and solutes were restricted to movement across the ruminal epithelia or through the cannula itself.
Subsequently, the reticulorumen was washed again to remove salivary contamination that was produced during placement of the esophageal occluding device. After washing, occluding device placement was confirmed and 15 L of experimental buffer (38°C at pH 6.2) was infused into the reticulorumen. The incubation buffer contained CaCl 2 (2 mM), MgCl 2 (2 mM), NaCl (5 mM), KCl (5 mM), sodium acetate (30 mM), potassium acetate (35 mM), sodium propionate (35 mM), sodium butyrate (8 mM), butyric acid (7 mM), L-lactic acid (5 mM), NaHCO 3 (25 mM), and Cr-EDTA (2 mM) and was adjusted to pH 6.2 at 38°C. Osmolality of the experimental buffer was (mean ± SD) 294 ± 2 mOsmol/ kg. During incubation, the incubation buffer was mixed by gas lift with CO 2 (99.9%). Samples of the experimental buffer were taken before infusion and at 5 and 45 min relative to buffer infusion into the reticulorumen. Samples were preserved in 25% metaphosphoric acid (wt/vol) with a ratio of sample to metaphosphoric acid of 5:1 and analyzed for SCFA concentration as previously described for ruminal fluid. The Cr concentration in the buffer was determined using an atomic absorption spectrometer (ICE 3000 Series; Thermo Scientific, Cambridge, UK). A subsample (5 mL) of the incubation buffer solution was collected before infusion and used for determination of osmolality using an osmometer (Model 3250; Advanced Instruments, Inc., Norwood, MA). The rate of SCFA absorption was calculated as C 1 × V 1 -C 2 × V 2 , in which C = the concentration of the specific SCFA (i.e., acetate, propionate, and butyrate) in the buffer solution at the start of the incubation (C 1 ; 5 min after introduction into the rumen) and end of the incubation period (C 2 ; sample collected 45 min following C 1 ) and V = the volume of the incubation buffer determined at the same time points as for C (Gäbel et al., 1993) . At the end of the WRR procedure, the incubation buffer and occluding devices were removed and rumen digesta was returned.
Apparent Total Tract Digestibility. Feed digestibility was evaluated using indigestible NDF (iNDF) as an internal marker. The concentration of iNDF in feed, feces, and refusal samples were determined by placing 3 g of ground sample into nylon bags (5 by 10 cm with a 6 μm pore size; Ankom Technology, Macedon, NY) and incubating them in the rumen of beef heifers for 12 d (Huhtanen et al., 1994) . Heifers used for the incubation were fed a grass hay diet ad libitum. Incubated samples were subsequently dried in a forced air oven at 55°C for 2 d and analyzed for NDF content as described above. The ratio between the intake of iNDF and fecal concentration was used to determine fecal output on a DM basis.
Statistical Analysis
Data were analyzed as a randomized complete block design using the PROC MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) with heifer nested in block as the random effect and block, diet, period and the diet × period as fixed effects. Measurement period (BASE vs. FR) was used as a repeated measure and the covariance error structure that yielded the lowest Akaike's and Bayesian information criterion for each dependent variable was used. The model for the WRR data initially included the timing of the procedure (0900 vs. 1300 h), but as the time of the procedure was not significant (P > 0.05), it was removed from the model. When the F-test yielded a significant response (P ≤ 0.05) the Tukey's post hoc mean separation test was used to compare means among dietary treatments and time. Tendencies are discussed when 0.10 ≥ P > 0.05. Data for the main effects of dietary treatment and time are shown except when interactions were detected.
RESULTS

Dry Matter Intake and Ruminal Fermentation
A diet × period interaction was detected for DMI (P = 0.030; Table 2), where DMI was greater for heifers fed MF than HF during BASE (11.9 kg/d vs. 10.6 kg/d), without differences between diets during FR. During FR, heifers consumed about 25% (26% for HF and 25% for MF) of their ad libitum intake measured during BASE, indicating that we successfully achieved our FR target.
A diet × period interaction was detected for total SCFA concentration (P = 0.025; Table 2 ), where numerically, heifers fed MF had greater SCFA concentration than those fed HF during BASE but had numerically reduced concentration during FR. The molar proportion of acetate was affected by a diet × period interaction (P = 0.004) with an increase in acetate from BASE to FR for each diet; however, the proportion of acetate was greater for heifers fed HF than MF. No interactions were detected for propionate or butyrate, but the molar proportions of propionate (22.7 vs. 17.4 mol/100 mol; P < 0.001) and butyrate (10.7 vs. 9.4 mol/100 mol; P = 0.001) were greater during BASE than FR. Furthermore, heifers fed MF had a greater (P < 0.001) molar proportion of butyrate than heifers fed HF. Propionate also tended (P = 0.063) to be greater for heifers fed MF than HF.
Interactions between diet and period were not detected for ruminal pH (P > 0.10; data not shown); therefore, only the main effects of diet and period are shown (Table  3 ). Heifers fed MF had reduced minimum pH (P = 0.022) and a greater duration that pH was < 5.5 (P = 0.046) relative to heifers fed HF. Furthermore, mean pH tended (P = 0.072) to be reduced for MF than HF heifers, but maximal pH was not different. Period effects were also detected where minimum, mean, and maximum pH (P ≤ 0.001 for all variables) increased for FR relative to BASE.
Ruminal Short-Chain Fatty Acid Absorption
Diet × period and diet effects were not detected for SCFA absorption measured using the WRR (data not shown; P > 0.10). A reduction (P = 0.038) in the total SCFA absorption rate by nearly 120 mmol/h was induced by FR ( Table 4 ). The reduction in total SCFA absorption was primarily due to decreased acetate absorption, which tended (P = 0.058) to be reduced during FR than BASE whereas propionate (P = 0.13) and butyrate (P = 0.12) were not affected. Similarly, when reported as the fractional rate of absorption (%/h), there were no effects of diet on the rate of SCFA absorption, but tendencies for reduced fractional rates for total SCFA (P = 0.056) and acetate (P = 0.069) during FR than BASE were detected. The fractional rates of absorption for propionate and butyrate were not affected by diet or period.
Apparent Total Tract Digestibility
Heifers fed the MF diet had greater total tract DM (P < 0.001; Table 5 ) and OM (P < 0.001) digestibility, with no difference in NDF (P = 0.158) digestibility when compared to those fed the HF diet. Period effects on apparent total tract digestibility were also detected (P < 0.001) with the digestibility increasing by 8.1, 6.7, and 11.8% for DM, OM, and NDF, respectively, during FR relative to BASE (Table 6 ).
Blood Metabolites
No diet or period effects or the diet × period interaction were detected (Table 5) for serum BHBA (P ≥ Table 2 . Interaction between diet fed prior to and during feed restriction and the measurement period on DMI, ruminal short-chain fatty acid (SCFA) concentration, and the molar proportion of SCFA. Data presented are the means ± SEM for 10 heifers/diet 0.17), plasma glucose (P ≥ 0.52), and plasma insulin (P ≥ 0.28). However, an interaction (P < 0.001) between diet and period was detected for NEFA, where concentrations were not different between diets during BASE, but concentrations were greater for those fed HF than MF during FR, and values in general were greater during FR than BASE.
DISCUSSION
In conventional beef and dairy production systems, severe short-term FR can occur following weaning (Gibb et al., 2000) , during transportation (González et al., 2012) , on arrival at a feedlot (Hutcheson and Cole, 1986) , when experiencing heat stress (Wheelock et al., 2010) , and when metabolic (Hansen et al., 2003) and digestive disorders (Brown et al., 2000) occur. Furthermore, many of these stressors occur in combination (e.g., heat stress and transportation or weaning and transportation) thereby exacerbating the severity of the FR event (Grant and Albright, 1995) . Therefore, this study was designed to evaluate the effect of FR on ruminal fermentation, SCFA absorption, and plasma and serum metabolites and insulin and whether altering the dietary F:C affects the response.
It is well documented that severe FR and complete feed deprivation have negative effects on energy balance (Carlson et al., 2006) , animal welfare (Tarrant and Grandin, 2000) , and performance (St-Pierre et al., 2003; Marques et al., 2012) . Part of the negative impact of FR is likely mediated via energy and protein restriction (Rhoads et al., 2009) . Therefore, increasing the energy and protein supplied should help to alleviate the negative energy balance and mitigate the negative effects. A key approach to alleviate negative energy balance is to increase the dietary energy density (Duff and Galyean, 2007) either via lipid supplementation (Knapp and Grummer, 1991) or by altering the F:C (Rivera et al., 2005) .
Decreasing the dietary F:C affects the ruminal microbial population (Cantalapiedra-Hijar et al., 2009) , increases the extent of DM digestibility (Ramos et al., 2009) , increases the concentration of total SCFA and alters the molar proportions of individual SCFA (Sutton et al., 2003) , and, generally, results in a reduction in ruminal pH (Penner et al., 2009b) . These findings are supported by the current study where, during BASE, heifers fed the MF diet had greater total tract DM and OM digestibility. Shifts in the molar proportion of SCFA were Table 3 . Effect of feeding a high-forage (HF) or a moderate-forage (MF) diet prior to and during feed restriction (FR) on ruminal pH. Data presented are the means ± SEM for 10 heifers/treatment 1 also observed, including a reduction in the proportion of acetate and an increase in butyrate; both of these represent responses commonly observed when the proportion of grain in the diet increases (Penner et al., 2009b; Ramos et al., 2009 ). These changes led to an improvement in the energy status during FR for heifers fed MF than HF, as suggested by greater dietary NEm, greater OM digestibility, and reduced serum NEFA, and provides further support for the effectiveness of the model used in the current study. Despite the successful improvement in energy status, feeding a greater proportion of concentrate did not affect the rate of SCFA absorption across the temporarily isolated reticulorumen either before or during FR. Increasing the dietary inclusion of grain has been previously shown to promote epithelial proliferation (Dirksen et al., 1985; Steele et al., 2011) and absorptive function (Etschmann et al., 2009 ). It could be expected that the changes induced through our dietary model would have enhanced epithelial function, as shown previously (Sehested et al., 2000; Etschmann et al., 2009 ). However, we did not observe statistical differences in SCFA absorption when comparing HF and MF heifers. The small numerical difference in SCFA concentration between HF and MF during BASE may have been the cause for SCFA absorption rates that did not differ; however, a previous study using much larger differences in the F:C than used in the current study also demonstrated that SCFA absorption rate does not differ with differing F:C (Penner et al., 2009b) . Furthermore, our data suggests that with severe FR, moderate increases in the proportion of concentrate in the diet are not sufficient to elevate ruminal SCFA concentration and prevent the decline in absorptive function induced by FR.
It is well documented that DMI affects SCFA concentration in rumen (Harmon et al., 1991; Wertz-Lutz et al., 2008) . In our study, FR decreased SCFA concentration in ruminal digesta by approximately 52% for HF and 59% for MF heifers on the third day of FR when compared to BASE. Zhang et al. (2013) imposed a similar FR model with similar dietary conditions and reported a decrease in SCFA concentration in ruminal fluid of 62%. Previous reviews have emphasized the importance of individual SCFA in terms of promoting ruminal epithelial function (Connor et al., 2010; Penner et al., 2011) , suggesting that a decrease in the concentration of SCFA might affect their absorption rate (López et al., 2003) and may decrease the stimuli required to maintain epithelial absorptive function (Zhang et al., 2013) . Supporting this notion, data obtained from sheep exposed to short-term feed deprivation (Gäbel et al., 1993; Gäbel and Aschenbach, 2002) , chronic FR (Perrier et al., 1994; Doreau et al., 1997) , and recent data from short-term FR in beef cattle (Zhang et al., 2013) , along with the current study, have reported a negative impact on absorption of SCFA across the reticulorumen. It appears that the FR model imposed in the current study is consistent and repeatable as the extent of reduction for total SCFA Table 5 . Effect of feeding a high-forage (HF) or moderate-forage (MF) diet prior to and during feed restriction (FR) and the effect of measurement period on apparent total tract digestibility 1 Only main effects are shown as the diet × period interaction was not significant (P > 0.05).
2 BASE = baseline period (5-d) where heifers were provided feed ad libitum.. Table 6 . Interaction between diet fed prior to and during feed restriction and the measurement period on the concentration of arterial metabolites and insulin. Data presented are the means ± SEM for 10 heifers/treatment a-c Means within a row without a common superscript differ (P ≤ 0.05).
2 BASE = baseline period (5-d) where heifers were provided feed ad libitum; FR = feed restriction was a 5 d period where heifers were fed 25% of their DMI relative to BASE; HF = high forage diet consisted of 46% grass hay, 46% barley silage, and 8% mineral-vitamin supplement on a DM basis; MF = moderate forage diet consisted of 30% grass hay, 30% barley silage, 32% barley grain, and 8% mineral and vitamin supplement on a DM basis.
3 BHBA = β-hydroxybutryric acid.
absorption in the current study was similar to the reduction (reduction of 100 mmol/h) reported by Zhang et al. (2013) . Others have reported greater reductions in SCFA absorption with either more severe FR (i.e., 48 h feed deprivation; Gäbel et al., 1993) or chronic FR (restricted to 50% of DMI; Doreau et al., 1997) . For example, Gäbel et al. (1993) reported reductions in acetate, propionate, and butyrate absorption by 56, 44, and 43%, respectively (Gäbel et al., 1993) , and Doreau et al. (1997) reported a reduction of 32% when compared to those fed close to voluntary intake. Collectively, these data confirm that FR negatively affects total SCFA absorption across the reticulorumen and that the severity of the FR event affects magnitude of the response. However, the underlying mechanisms driving the degenerative process of the rumen epithelium in response to FR are still not known.
In our study and that of Zhang et al. (2013) , the majority of the decline for the reduction in total SCFA absorption was due to reduced acetate absorption that equated to approximately 65 mmol/h accounting for nearly 55% of the total decline in SCFA absorption. As acetate transport has a greater reliance on protein mediated pathways than butyrate (Aschenbach et al., 2009 Penner et al., 2009a) , it could be expected that FR downregulated the expression or activity of anion exchangers in the rumen epithelium; however, future studies coupled with gene and protein expression are needed to confirm this hypothesis.
In conclusion, this study indicates that a severe episode of short-term FR in cattle negatively affects SCFA absorption across the reticulorumen epithelia and that reducing the dietary F:C does not mitigate this effect. Further research is needed to identify strategies to mitigate the negative effect of short-term FR on reticulorumen absorptive function.
LITERATURE CITED
